The evaluation of agronomic characteristics of crops is important because they may be influenced by the height, density and spatial arrangements of eucalyptus in an agroforestry system. These silvicultural characteristics may interfere with height and productivity of crops between the rows of the tree component due to shading, competition for water and nutrients. The objective of this study was to evaluate the effect of the assessed site on some agronomic characteristics such as height, grain yield and effective yield of BRS 655 forage sorghum (Sorghum bicolor (L). Moench) with different clones and arrangements of eucalyptus in the north of Minas Gerais. Experimental randomized block with a split-plot design and five replications was used to evaluate sorghum. The effective productivity and height of sorghum comparing to the average values in the area were low. The GG 100 clone (Eucalyptus urophylla × E. grandis ) showed low adaptation to semi-arid region while the MA 2001 clone (Eucalyptus camaldulensis × E. Tereticornes) presented greater height. The low values of some agronomic characteristics of sorghum were due to the distance between the rows of eucalyptus. The 2 × 3 + (15 m) and 2 × 3 + (20 m) arrangements of eucalyptus generated higher sorghum plants regardless of the clone.
INTRODUCTION
The agroforestry system (SAF) is a conservation system that combines agricultural plants with tree species (Toma et al., 2013) . Therefore, the agronomic features of the agricultural crops are influenced by the eucalyptus *Corresponding author. E-mail: carlosjuliano@ufmg.br Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License component in the system. Santos et al. (2015) mentioned in their work that intercropping corn and a forage crop with a tree component affects the growth and development of corn due to shading by trees and competition for nutrients between corn and the forage crop. The arboreal component in the SAF intercepts solar radiation, reducing the incident light in the under story which shades the crop. The low luminosity intensity can generate negative effects on sorghum relative to tillering increase, and finally, the reduction of biomass production (Clemente et al., 2015) .
How to minimize the negative effects on culture and what is the best eucalyptus spatial arrangements to obtain the highest production yields? In this context, in addition to determine the best eucalyptus spatial arrangement, sorghum culture was used in agroforestry systems because it's has good capacity, power potential, and the essential features for the semi -arid as high yield and drought resistance (Santos et al., 2013) . The forage crop was opted to grow because small producers in the north of Minas Gerais harvest it manually by cutting the panicles with machete for subsequent drying and storage with the remaining parts of the plant used as forage for the herd (Albuquerque et al., 2011) . Therefore, the arrangements of trees can be manipulated through changes in density, row spacing, distribution of plants in line, and variability between plants ( Argenta et al., 2001) . There are numerous studies that show the influence of solar radiation on grasses grown in agroforestry systems. However, few studies have been done regarding sorghum crop, nevertheless, the crop yield has been promising in spatial arrangements of 2 × 3 + (20 m) and 2 x 10 m in the agroforestry systems of Minas GeraisBrazil. (Clemente et al., 2015) . This plant species has great ruggedness and acclimatization, and is grown all over Brazil (Coelho et al., 2002) .
According to Clemente et al. (2015) , sorghum productivity and height were higher in arrangements (2 × 3) + 20 m e 2 ×10 m, and evaluating sorghum locations in the plot, certified that the central side of the plants had higher yields. Gnanglè et al. (2013) evaluated the height and productivity of sorghum and cotton in and out of Shea cup (Butyrospermum Parkii paradoxa Gaertn) and obtained low yield and low plant height due light intensity decrease, indicating that plants closer to the trees have lower yields. The productivity of a crop depends on the density and spatial arrangement of the tree component, because during the second year after the deployment, the shading of trees interferes with crop yields (Neto et al., 2014) . However, the use of broader arrangement, tree species with canopies that allow the passage of light to the understory, pruning and thinning techniques of eucalyptus may enable the use of annual crops longer in this system.
Given the above, the objective of this study was to evaluate the effect of the assessed sites on some agronomic characteristics such as height, grain yield and effective yield of BRS 655 forage sorghum intercropped with different clones of eucalyptus in different arrangements in semiarid SAF in Minas Gerais.
MATERIALS AND METHODS
The experiment was conducted in the municipality of Francisco Sá, a semiarid region of Minas Gerais, with tropical savanna climate (Aw), according to the Köppen climate classification, with an average annual rainfall of 981 mm and an average temperature of 22.3°C. The municipality is located at the coordinates of 16°07' S and 43°26' W, at an altitude of 591 meters with soil on the studied area classified as Atlantic Ultisol, according to EMBRAPA (System of Observation and Monitoring of Agriculture in Brazil).
Three eucalyptus clones were used: Clone 1 (MA 2001 -E. camaldulensis × E. Tereticornes); Clone 2 (A 144 -E. urophylla x E. grandis); Clone 3 (GG 100 -E. urophylla × E. grandis), in addition to BRS 655 sorghum hybrid. For the deployment of SAF, eucalyptus clones were planted in August 2012 with different arrangements in double rows: 2 × 3 m + (15 m) and 2 × 3 m + (20 m); triple rows 3 × 2 × 3 m + (10 m) and single rows 10 × 2 m. In August / 2012 held sub soiling in total area and were later made grooves for fertilization with reactive phosphate ( 330 g linear meter ) and planting of eucalyptus clones in September / 2012. Sorghum seeds were planted between rows (alleys) of eucalyptus in November 2012 using a conventional planting method. During the second production season (2013) sorghum was sown again between rows of eucalyptus for the deployment of the experiment. The harvest was carried out in February after physiological maturity of grain.
The effect of structural arrangements of SAF with double rows: 2 × 3 m + (15 m) and 2 × 3 m + (20 m); triple rows 3 × 2 × 3 m + (20 m) and single rows 10 × 2 m. were studied. Sorghum crop was evaluated in between rows, that is, the larger spacing or alleys. The adopted spacing of sorghum BRS 655 was 0.80 m between lines and the initial population of plants was 140,000 ha -1 . Fertilization at planting was done using 400 kg ha -1 of a 04-30-10 (N-P-K) fertilizer. The distance of 1 meter from eucalyptus rows for planting sorghum was respected. The sorghum top dressing was performed when the plants had five fully expanded leaves and fully exhibited sheath. At this time, 300 kg ha -1 of a 20-00-20 (N-P-K) fertilizer was applied. During the preparation of the experimental area, a control of leafcutting ants was held by identifying the main nests in and around the area for later use of ant baits based on fipronil.
Thus, for each arrangement and clone an experiment with randomized blocks in split-plot design with five replications was implanted. The sorghum experimental plot consisted of 6 lines, each 4 m long, and subplots with 3 assessment areas of agronomic characteristics. To delimit the useful area of each arrangement, two central lines of sorghum planted between the rows of eucalyptus were considered, in addition to two north sidelines and two south sidelines of the forest component. On both sides there was a border line with sorghum in the direction of eucalyptus. The panicles were covered with paper bags at flowering for protection against birds.
During the experiment period, pesticide applications to control insects, diseases and weeds took place according to recommendations and practices commonly adopted in the region. The following agronomic sorghum evaluations were performed:
-Plant height (m): the plant height was taken from the insertion of the upper panicle to the ground, by measuring, in meters, four plants per plot after physiological maturity of grain. -Grain yield (kg ha -1 ): data of grain yield from the plots after threshing were corrected for moisture of 13% and transformed to kg ha -1 using the following Equation 1: et al., 2015) (1)
Where: P13%: grain yield (kg ha -1 ) corrected to a standard humidity of 13%; PC: grain yield without correction; U: grain humidity during harvest.
Effective grain yield per arrangement was calculated using the per hectare grain yield, which is based on sorghum productivity of the system discounting the area occupied by trees. It was determined by the following equation 2:
Effective productivity (kg ha -1 ) = {Productivity (kg ha -1 ) x [(10000 -area occupied by trees (m 2 )) / 10000)]}. (Clemente et al., 2015) (2) Evaluations regarding development of eucalyptus were carried out after the harvest of sorghum. The circumference at breast height of all trees found in the area was measured on each parcel using a tape measure. The total height of the plants was determined with the aid of a digital hypsometer (MODEL Vertex III). Total height of all individuals was measured on each plot. The total average height on each plot was calculated using the arithmetic average of the individual heights on the plot. The zenith angle and azimuth were calculated to evaluate the effect of eucalyptus shadow projection on the sorghum crop at 7:00 a.m., 9:00 a.m. and 15:00 on the 15 th day of each month. The data obtained for sorghum crop were submitted initially to an individual analysis of variance per experiment (clone). At first, the tests of additivity of data, normality of errors and homogeneity of variances were performed. Later, analysis of variance was performed involving the three clones in different arrangements.
All analyzes were performed using the SISVAR® statistical program (Ferreira, 2000) . The means were grouped by the ScottKnott test at 5% significance.
RESULTS AND DISCUSSION
Tree mortality of all the studied clones was observed. It was found that the mortality rate was greater for clones of A144 and GG100, respectively in all arrangements (Table  1) . The eucalyptus clone called MA 2001, performs better in semi-arid conditions due to increased tolerance to drought. The species of E. camaldulenses, used as a basis for the crossing and obtaining the MA 2001 clone, use water more efficiently (Zahid et al., 2010) . This makes clear the greater height of the clone MA 2001 in the experiment. The GG 100 clone had lower plant height (AP) and smaller circumference at breast height (CAP), except the treatment of 2 × 3 × 2 + (10 m), due to lower tolerance to drought. The growth of eucalyptus was harmed probably by the lack of readily available water which caused a lower height.
The average height of eucalyptus in different arrangements was 7.48 m after 24 months. According to Peng et al. (2009) , the tree height creates striking effects on crop. The greater the plant height is, the greater the competition for water, light and nutrients between crops. However, the competition may decrease when the distance between the rows of trees is larger. According to the author, the spacing between 15 to 20 m makes it a much more valuable route for the use of the culture in agroforestry system. By analyzing the A144 clone, there were no significant differences between the evaluation sites as a function of the arrangements: 2 × 3 m + (15 m), 2 × 3 m + (20 m), 2 × 10 m and 2 × 3 × 2 m + (10 m)
The GG100 clone did not reveal significant differences between the locals of assessment and arrangements of 2 × 3 m + (15 m) m and 2 × 3 × 2 m + (10 m), however, the other arrangements on the north side and center produced higher plants. This is partly because the GG 100 clone average height was 6.14 m, which less influenced the interception of solar radiation when comparing to MA 2001 with an average height of 9.06 m, having higher plants in central and north side. During sowing of sorghum the average eucalyptus height, regardless of clones, was 7.48 m after 24 months. Thus, it is important to know the range of average eucalyptus shadow to deploy planning in agroforestry system, considering that the choice of spacing between the rows of eucalyptus and the crop becomes a factor of production for better absorption of solar radiation in months after sowing, as well as dry matter accumulation and production of sorghum grain. The interaction between eucalyptus and sorghum possibly occurred due to mortality of eucalyptus plants near the sorghum plots triggering less competition between the plants According to Clemente et al. (2015) the amount of solar radiation reaching among the eucalyptus ranks is crucial to the growth of sorghum in agroforestry system. The amount of light reaching may influence on the agronomic characteristics of the crop. So, the sorghum that is closer to the ranks of eucalyptus has lower height. According to the author, the central plants had a higher height, and this generates higher photosynthetic rate and redistribution of assimilates.
The same was observed by Macedo et al. (2006) , who found plant height and weight of corn cob values above the average when the distance between the rows of eucalyptus was between 4.5 to 5.4 m. The average plant height, average weight of corn cob and grain yield were lower for the distances of 1.8 to 2.7 m, possibly because there was influence of incident light in the middle of alleys of eucalyptus clones, oriented east-west. There was a significant effect of all treatments on plant height. Regarding grain yield and effective grain yield, only the interaction of arrangement × assessed site provided no effect on agronomic evaluations (Table 2) . These finding were agreed with Clemente et al. (2015) and Gnanglè et al. (2013) .
The height of the BRS 655 sorghum hybrid can reach 2.50 m (Rodrigues et al., 2008) , which demonstrates that the average height of 1.10 m found in the experiment was influenced by the shading of the culture. The sorghum plant possesses C4 metabolism, therefore, it needs high solar radiation to express its productive potential. The lack of easily available water in soil was also a factor that affected the physiology of sorghum regarding growth. The MA 2001 clone affected the heights of the plants depending on the place of evaluation and arrangement (Table 3) . When evaluation was performed in the center, higher plants were observed in most arrangements. However, the assessment in the center did not differ statistically from the assessment carried out on the north side in the 2 × 3 m + (15 m) arrangement. In addition, the north side provided higher yield except of the treatment of 2 × 3 × 2 m + (10 m) arrangement (Table 3) (Table  3) .
Regarding the third clone (GG100) the center and north side showed similar behavior having higher plants in the 2 × 3 m + (15 m) and 2 × 3 m + (20 m) arrangements, unlike the north side where plants had the same height (Tables 3 and 4) . Importantly, in most places of evaluation on the plots, the 2 × 3 + (15 m) and 2 × 3 m + (20 m) arrangements showed higher plants regardless of the clone (Table 3 ). The sorghum crop evaluated on the (20) arrangement had higher plants, probably due to greater spacing between the rows of eucalyptus -20 m, which provided higher incidence of radiation (Table 3) . The south side with the 144 clone presented higher plants because of higher mortality of the trees in the experiment, which contributed to increased sunlight and less competition between crops. (Table 3 ). The evaluations in the center showed higher sorghum plants in most arrangements. This may have happened due to lower competition with eucalyptus for water and nutrients from soil or even due to passing diffused light enabling plant photosystems (Table 4) . Sowing of sorghum took place during the summer solstice, when the direction of the Sun was east-southeast -west-northwest according the 83,75º azimuth. Over the months was observed the average width of the shadow of 6.2 m as shown in Table  4 . Thus, the nearest sorghum lines to eucalyptus rows were shaded more. The north side of sorghum parcel was less affected by shading because the shadow was projected in the same direction of the Sun; however, the opposite side of the parcel was affected by the shadow.
Considering the distance of eucalyptus from sorghum of 1.0 m, width of the parcel of 4.8 m and the length of the shadow of 3.53 m, the two lines of the north parcel of sorghum were not affected by shadowing. Still, the center lines did not show significant difference from the north lines based on height and sorghum productivity. This was probably because of the scattered light passing through the eucalyptus canopy. By analyzing the results of calculated grain yield of sorghum (kg ha -1 ), regarding different clones, locals of evaluation and eucalyptus arrangements we found with the MA 2001 clone that the assessment site had an effect in the 2 × 10 m and 2 × 3 × 2 m + (10 m) arrangements (Table 5 ). In this case, lower values were observed when the plots were evaluated on the south and north side of the 2 x 10 m single-row arrangement, and on the north side of the 2 × 3 × 2 m + (10 m) arrangement with triple rows. For the arrangements of 2 × 3 m + (15 m) and 2 × 3 m + (20 m) the evaluation sites did not affect grain yield.
Regarding the A144 clone, we found in the 2 × 3 m + (20 m) and 2 × 10 m arrangements that sorghum yields were reduced approaching the trees with central portion having higher yields. In other arrangements there was no effect of local assessment on productivity of sorghum (Table 4 ). Table 5 Table 6 . All clones, regardless of the site of assessment, in the 2 × 3 + × 2 m (10 m) arrangement showed the lowest effective productivity, as it was expected because of bigger number of trees. According to the Ministry of Agriculture (Brasil, 2015) , the average productivity of sorghum in the northern region of Minas Gerais reaches 1891 kg ha -1 . The average effective yield of sorghum in agroforestry system was below when compared to the average productivity in this region. The competition for water, nutrients and light most likely caused low productivity of the crop. However, the effective productivity of sorghum in the 2 × 3 + (15 m) and 2 × 3 + (20 m) arrangements generated high and productive plants (Tables 5 and 6 ). When comparing the evaluation sites in each arrangement, the same trend of grain yield was observed for effective grain yield. It shows that the sorghum plants which are closer to the clones have smaller effective yield. Therefore, it is recommended that plots involving sorghum intercropped with eucalyptus are well planned for better representation of the environment.
Conclusion
The planning of deployment of sorghum crop in agroforestry system must be made considering the average range of eucalyptus shadow, a greater spacing between the rows of trees and their distance to the crop. The height and effective yield of sorghum were higher in central and north lines of the plot. The 2 × 3 + (15 m) and 2 × + 3 (20 m) arrangements of eucalyptus generated higher sorghum plants regardless of the clone.
